Abstract. Animals will work (e.g. lever press) for 'earned' food even though identical 'free' food can easily be obtained from a nearby dish. This phenomenon, called contrafreeloading, appears to contradict a basic tenet of most learning, motivation and optimal foraging theories; namely that animals strive to maximize the ratio of reward, or benefit, to effort, or cost. This paper reviews the factors that have been found to affect the level of contrafreeloading, to try to explain the behaviour. In experiments involving intensive training, contrafreeloading may be explained on the basis of secondary reinforcement and/or differential exposure to the alternative food sources. However, contrafreeloading also occurs without prior training. Contrafreeloading declines with increasing hunger and with increases in the effort required to obtain the earned food: it also has an inverted-U relationship with the degree of stimulus change associated with the earned food. A fuzzy logic model is developed to predict the outcome of interactions between these factors. The model successfully simulates previous empirical findings and provides novel, testable predictions. It is argued that contrafreeloading does not contradict reinforcement theory, provided that the sensory reinforcement obtained from stimuli associated with the earned food is also taken into account. A functional explanation of why such stimuli are reinforcing, and of contrafreeloading itself, is based upon the advantage of gathering information for animals living in changing environments (i.e. an information primacy model). Animals work for earned food in order to update their estimate of a currently sub-optimal food source because, in the longer term, it may unpredictably become the optimal place to feed. Contrafreeloading is therefore a behaviour that, under natural conditions, is adaptive.
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Contrafreeloading occurs when animals work for food even though identical food is freely available; for example, a rat pressing a lever for food (i.e. 'earned' food) when the same food can easily be obtained from a dish (i.e. 'free' food) close to the lever (e.g. Jensen 1963). Contrafreeloading seems to contradict the predictions of two different theoretical frameworks: learning and motivation theory, and optimal foraging theory. According to both frameworks, animals are predicted to maximize the ratio of reward, or benefit, to effort, or cost (e.g. Hull 1943; Ferster & Skinner 1957; Mackintosh 1974; Stephens & Krebs 1986; Krebs & Kacelnik 1991) . Although working for food when the same food is freely available appears to conflict with these predictions, contrafreeloading has been demonstrated in many different species and experimental situations (Osborne 1977) . In this paper we review the factors that affect the level of contrafreeloading, develop a fuzzy logic model of contrafreeloading based upon general principles that emerge from the review, and propose a functional explanation of the phenomenon.
Contrafreeloading has been demonstrated in a variety of vertebrate species (Table I) , the domestic cat, Felis domesticus, being the only species so far showing no evidence of the phenomenon (Koffer & Coulson 1971) . Contrafreeloading is most commonly studied by presenting the animal with a choice between free access to a bowl of food, and an operant task that provides response-dependent
